The influence of early androgen treatment, light deprivation (by blinding), pinealectomy and superior cervical ganglionectomy on the reproductive system of female rats was tested. Early postnatal treatment of rats with testosterone propionate caused adult rats to exhibit the characteristic signs of androgen sterilization; these included polyfollicular ovaries, normal-sized uteri and persistent vaginal cornification. If early androgentreated rats also were blinded the ovaries were smaller in size and contained fewer follicles, the uteri were greatly reduced in size and the incidence of vaginal oestrus was decreased by approximately 50% If in addition to blinding, androgen-sterilized animals were subjected to either removal of the pineal gland or superior cervical ganglia, the reproductive organs and the vaginal smears were indistinguishable from those of testosterone-treated rats with eyes. These data indicate that the inhibitory influence of blinding on the pituitary-ovarian axis was mediated through the sympathetic nervous system and the pineal gland. The restraining influence of light deprivation on the growth of the reproductive organs was not permanent as illustrated by the fact that if these animals were kept to 120 days of age the ovaries and uteri grew to the same level as those of pinealectomized control rats.
The overt signs of androgen sterilization are suppressed by depriving animals of light either by blinding or by exposing them to total darkness (Hoffmann et al. 1968) . The mechanisms whereby the absence of light restricts the mani¬ festation of these signs remain unclear but preliminary studies indicate that the pineal gland may be involved (Reiter et al. 1968« ). The pineal gland, which is at least partially controlled by photic stimuli (Reiter Sc Hester 1966; Reiter et al. 1968Ô; Wurtman 1967 ) is most active during darkness and presumably secretes a gonad-inhibiting substance which impedes gonadotrophin synthesis or release from the pituitary gland or its action at the level of the gonads (Reiter Sc Fraschini 1969) and in this manner prevents the occurrence of some of the reproductive changes normally associated with the androgen-sterilized rat. The following report describes a series of experiments which were designed to further test the relationships of blinding and androgen sterilization and attempt to define, more precisely, the role of the pineal gland in the response.
METHODS
A total of 392 female Sprague-Dawley rats were used in the investigations; after weaning they were housed 2 or 3 per cage in windowless rooms under controlled lighting (14 h of light per day) and temperature (22 ± 1°C) conditions. Artificial illuminations was provided by 40 W »cool white« fluorescent bulbs yielding an inten¬ sity of 40 to 100 footcandles at the level of the animals. All animals were fed with standard laboratory chow.
In the initial experiment 81 animals were used. Of these, 48 randomly selected females from 11 litters were given a single injection of 1.0 mg of testosterone proprionate (TP) in 0.1 ml of sesame oil at 5 days of age. Following its administration, collodion was placed on the site of injection to prevent escape of the injected material from the wound. The young were returned to their mothers after reduction of litter size to 8-10 animals. At the time of weaning (21-23 days of age), all TP-treated rats were either blinded, pinealectomized or sham pinealectomized, the operations being done either alone or in combination. Three groups of non-androgen treated animals were also utilized. The resulting groups are shown in (Table 1) Removal of the eyes (Group 2) was followed by a significant depression in body weight increase unless the animals were also pinealectomized (Group 3).
The restaining influence of blinding on the growth of the rats was apparent also in the TP-treated rats; this was likewise reversed by pineal ablation. Barraclough (1961) reported that early androgen treatment causes the rats to grow faster than normal. This tendency was apparent in the present experi¬ ment, i. <?., TP-injected animals with eyes (Groups 4, 5, and 7) were invariably heavier than rats not receiving the steroid although the increase was never of sufficient magnitude to be statistically significant.
Although both the absolute and relative organ weights are listed in Table 1 the following discussion will include remarks made without reference directly to absolute or relative weights. This is done since, with few exceptions, if the absolute weight of an organ was significantly different from that of the con¬ trol value the relative organ weight of the experimental animal also differed significantly from the relative organ weight of the control group.
Characteristically, unless animals were pinealectomized (Group 3) blinding delayed the maturation of the ovaries (Group 2). Even though the ovaries of blinded rats were somewhat smaller, they were microscopically similar and could not be routinely distinguished from those of untreated controls (Fig. 1) . (Fig. 3) . Pinealectomized rats treated in this manner (Group 7) had ovaries (Fig. 4) (Table 2) The results from this experiment were similar to those of the initial study. Hence, the data are discussed in a more cursory manner. Although the mean body weight of the androgen-treated animals (Group 6) was less than that of any other group it was not significantly different from that of controls.
Ovarian weight was not influenced by superior cervical ganglionectomy (SCG) alone (Group 2) or when combined with pineal removal (Group 3) and, similarly, neither of these treatments (Groups 5 and 6) reversed the inhibitory effect of the TP-treatment on ovarian growth. As (Fig. 5) In this study 3 groups of rats were utilized: untreated; TP-treated and blinded; TP-treated blinded and pinealectomized. At 45 days of age the mean body weights of the 3 groups of animals (based on Student's t test) did not differ significantly (Fig. 5, A) . Due to a lag in growth, however, at 60 and 75 days of age mean body weights of androgen-treated eyeless rats were less than those of the other 2 groups. At 90 days of age and thereafter until the termination of the experiment, body weights were similar for all groups. As seen in the first two studies, ovarian weight after TP-treatment was altered appreciably even in rats with eyes. If rats were additionally blinded, the ovaries grew even more slowly so that they were significantly smaller (P < 0.05) than those of TP-treated, blinded pinealectomized rats (Fig. 5, B) . This difference persisted until 90 days of age at which time the ovaries of TP-treated, blinded and TP-treated, blinded, pinealectomized rats were equi¬ valent in size; ovaries from these groups never approached the size of those in untreated rats.
As indicated by uterine weights (Fig. 5, C) , oestrogen secretion was severely reduced in androgen-sterilized rats after removal of the eyes. Uteri in these rats remained smaller than those of untreated and pinealectomized controls until 120 days of age.
The pituitary glands were the only organs studied that did not recover from the pineal inhibitory influence by 120 days after birth (Fig. 5, D) . Even at this age pituitary glands of light-deprived, androgen-treated rats were onehalf the size of those of the two control groups; mean hypophyseal weights in the two control groups never differed significantly.
DISCUSSION
The restraining influence of blinding on body weight increase is well docu¬ mented and is known to be prevented by pineal ablation (Reiter et al. 19686 ). However, whether or not substances produced by the pineal of eyeless animals have a specific effect on growth retardation is a sequel of the suppression of other endocrine organs, e. g., the thyroid gland, requires consideration.
The gonadotrophin deficit produced by treating female rats shortly after birth with testosterone has been extensively studied (Barraclough 1967; Harris 1964; Jacobson 1964) . The best evidence available indicates that androgen, given to rats during the first week of life, causes irreversible damage to the neural centres which, after adulthood, are responsible for the cyclic release of luteinizing hormone (LH). This alteration in hypothalamic development accounts for the syndrome associated with androgen sterilization (Barraclough Sc Gorski 1961 (Goldman Sc Wurtman 1964 ) and yet it is apparently only slightly altered after sympathetic denervation (Goldman 1967 (Reiter 1967; Reiter Sc Hester 1966) . The data reported here are consistent with the findings in the hamster and support the conclusion that the neural fibers, derived from the sympathetic ganglia within the neck, have an influence on the synthesis or the secretion of the gonad-inhibiting principle from the rat pineal. In fact, in the present study SCG was equally as effective as removal of the pineal gland itself in preventing the inhibitory effect of light deprivation on the reproductive organs of androgen-sterilized rats.
At least two possible explanations are available for the eventual growth (by about 120 days) of the reproductive organs of blinded androgen-treated rats to the level of those in TP-treated, non-blinded or TP-treated, blinded, pineal¬ ectomized rats (Fig. 5, and C) . After long term stimulation the pineal gland either discontinues secretion of the active principle or the inhibited site over¬ comes the suppressive influence of the pineal, i. c., it becomes less sensitive to the pineal principle. A similar phenomenon occurs in hamsters where blinding alone is followed by approximately a 20 week period of total gonadal in¬ volution with an eventual return of the gonads to the adult condition (Reiter 1969) . What the metabolic status of the pineal gland is during gonadal growth in either of these species is unknown.
The site at which the pineal substance acts has not been identified although several areas, namely the midbrain and the median eminence, have been im¬ plicated (Anton-Tay et al. 1968; Fraschini et al. 1968) . It is generally conceeded that the administration of TP to neonatal rats alters the development of the preoptic-anterior hypothalamus and possibly, when administered in high doses such as used in these studies, the ventromedial-arcuate nuclear complex as well (Barraclough 1967) . Since this treatment »sensitizes« the hypophyseogonadal axis to the pineal substance one is tempted to conclude that the gonadinhibiting principle also may act on these altered sites. This suggestion requires considerably more evidence, however, before it can be made with any degree of certainty.
